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A COMPARISON OF COMPOUND BOW AND CROSSBOW OSSEOUS 
TRAUMA 
CASEY LYNN FILE 
ABSTRACT 
The present research examined the effects of compound bows and crossbows on 
the remains of Sus scrofa and Odocoileus virginianus. Isolated pig heads and white-
tailed deer necks were impacted by three forms of arrow heads: the broad-head tip, 
conical field-tip, and bullet field-tip from both the compound bow and the crossbow. The 
structural design of the arrowheads was examined to understand their level of impact, as 
well as, the velocities of the compound bow and crossbow were calculated and 
compared. The total number of impact marks for the experiment was 55. It was 
hypothesized that the compound bow would have a greater extent of trauma to bone than 
the crossbow due to the higher velocity created from a longer power stroke. It was also 
hypothesized that the broad-head arrow tip will create larger fracture patterns on bone 
due to the three-blade-prong design compared to the oval shape of both the conical field-
tip and bullet field-tip. Through the use of one-way ANOVA and Pearson’s Chi-Square, 
the results show no direct correlation between the difference in the type of weapon used 
or the arrow tip used. The results show the vast majority of impacts are penetration with 
shapes that roughly resemble the cross-section of the type of tip used. The results, 
however, did not support both hypotheses due to the limited number of impact marks and 
sample size of the experiment. Further experiments are required to assess the extent to 
which it is possible to distinguish between arrow related osseous trauma. 
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CHAPTER 1: INTRODUCTION 
History of the Bow and Arrow 
 Throughout history, tools of war have been instruments of invasion, enslavement, 
but also have been used to control such evils and serve the cause of peace. Combat was 
fought at arm’s length until individual weapons began with rocks, then clubs proceeding 
through to the sling and boomerang, to the bow and arrow, and then sword to finally 
gunpowder which dominates the weaponry of war (Tucker 2015). Despite firearms 
becoming the main weapon of destruction in modern times, the bow and arrow has 
evolved to become another deadly weapon. The bow and arrow were an ancient weapon 
that was once used as tools of war for mankind. The bow is one of mankind’s’ oldest 
weapons and have a very important evolution throughout the world’s history. The 
weapon was designed to be silent and uses the energy of the archer’s draw to fly forward 
the arrow. Throughout history there have been four waves of bow and arrow use in North 
America (Maschner and Mason 2013). The first phase can be argued to have occurred 
during the early Holocene approximately 12,000 to 8,000 years ago.  There is limited 
evidence on the use of such a weapon because this period of time was between the 
extinction of the remnant ice age fauna and before the major expansion of bison and 
moose. In prehistoric Alaska on St. Lawrence Island, the discovery of a Punuk burial 
displayed an individual impaled with 15 bonne arrow points (Maschner and Mason 
2013). As conflict began to rise, more physical evidence of the role of the bow and arrow 
began to emerge throughout history. The evolution of lithic arrow heads to more 
advanced barbed arrow heads display the advancements cultures were facing throughout 
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history. Primitive bows were designed to create a forceful impact, enough to penetrate 
metal armor (Tucker 2015).  
The self-bow would begin to evolve to what was known as the “backed bow” which 
received additional material such as animal sinew to provide strengthening of the bow 
(Tucker 2015). The laminated bow had three layers of the same wood, whereas, the 
composite bow consisted three or more layer of different types of wood for greater 
flexibility when using. Finally, the compound bow combined both the laminated bow and 
the composite bow to produce the most efficiency. The crossbow has been prevalent in 
world history in China during the Han Dynasty, as well as, with the Romans around during 
the Middle Ages (Downs et al.1994). The crossbow was designed similar to a handgun 
with a trigger mechanism to release the arrow. The archer placed their foot on the stirrup 
and then pulled on the bowstring to hook it over the notch known as the nut. Unfortunately, 
the crossbow was heavy and slow to reload. Tucker (2015) describes that archers with hand 
bows could outshoot a crossbow archer 6:1. Despite this disadvantage, the greatest strength 
of the crossbow during Medieval Times was that it could be drawn ahead of time and 
positioned to shoot at the desired target. By the help of traumatic injuries present on the 
ancient human remains, we are able to analyze the lifestyle of the ancient people. These 
types of injuries are common to the anthropologists because the injuries occurred in the 
lifetime are remain preserved in bones after death (Singh 2019). 
Importance of Skeletal Trauma  
Deaths due to bow and arrow injuries are a commonplace from a historical 
standpoint but are rarely seen in 21st century (Eriksson et al. 2000). As these weapons 
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become more popular for sport and hunting, more fatalities may become more frequent 
(Tenzin et al. 2011). As the bow and arrow evolved with the time and environment more 
complex weapons were created. The modern compound bow and the crossbow are no 
longer used in warfare but are seen to be used for sport and large game hunting. These low-
velocity weapons are considered lethal however they do not require a permit for purchase. 
Therefore, arrow injuries are quite common with nowadays suicidal, accidental and 
homicidal cases becoming more prevalent in many cities and countries across the world 
(Byard et al. 1999; Cina et al. 1998; Downs et al. 1994; Eriksson et al. 2000; Grellner et 
al. 2004; Hain 1989; Karger et al. 2004; Opeskin et al. 1994; Pomara et al. 2007; Rogers 
et al. 1990; Salvino et al. 1991; Smyk 2009; Tenzin et al. 2011; Zatopkova and Hejna 
2011).  
Forensically, skeletal trauma is extremely important as it may be the only form of 
direct evidence of violence after the decomposition of soft tissue (Passalacqua and 
Rainwater 2015). Skeletal trauma can be considered any in vivo damage that affects bone. 
Reconstruction of an individuals’ death through skeletal trauma analysis, archaeological 
recovery and taphonomic processes is routine to forensic anthropological consultation 
(Passalacqua and Rainwater 2015). The main principle of the trauma and other alteration 
in the skeletal remains is to find the answers of the important questions in which the 
circumstance of the death and the personal identification of an individual exist (Singh 
2019). Changes in biomechanical properties experienced by bone as it degrades aids in the 
assessment of the forensic significance of a bone defect. This information is important in 
determining trauma based on fracture timing, the mechanism of trauma and also the type 
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of weapons used. Trauma to fresh, highly organic bone is more likely to have forensic 
value because it occurred perimortem, whereas, trauma inflicted on dry bone known as 
postmortem fractures do not have the same significance. The distinction between fresh and 
dry bone fractures is typically based on the analysis of multiple morphological features on 
bone. Fresh bone is more tensile and will fracture in a spiral or helical path. Dry bone, 
however, tends to fracture in straight lines with right angles to the bone’s cortical surface 
(Dirkmaat et al. 2008). Therefore, it is important for a forensic anthropologist or 
pathologist to understand the remains they are handling. Another variable a forensic 
anthropologist needs to consider is that skeletal trauma is highly variable, and each case 
presents a unique set of challenges in interpretation and reconstruction of events. 
Biomechanical approaches were introduced to the classification of trauma, shifting 
category criteria from the inflicting tool to physical factors such as force and speed 
(Dirkmaat et al. 2008). The redefining of forensic anthropology including the importance 
of trauma analysis allowed for more doors to open in regard to research.  
Research on trauma analysis of crossbow and compound bow injuries are important 
to the forensic field, because there is little research describing the type of wound 
characteristics (O’Driscoll and Thompson 2014). No clear baseline exists in handling 
wounds of this type; thus, medical examiners need knowledge on if they should leave the 
arrow in situ until radiographs and documentation is made. This will help prevent any 
further damage to the body because the type of arrow tip will then be known. Analysis of 
trauma has classified into three distinct categories, such as blunt-force, sharp-force and 
ballistics trauma. There has been little focus on the trauma created by an arrow. It falls into 
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an unknown category of skeletal trauma they may encompass features of sharp force or 
ballistic trauma based on the type of arrow tip used. Therefore, it is necessary to understand 
how bone reacts to being inflicted by various arrow tips. The target is also important when 
analyzing skeletal trauma due to a crossbow or compound bow because how a bone reacts 
to the force of an arrow tip will differ between thick cortical bone which is found in weight 
bearing bone or varying cortical thickness found in the cranium. Downs et al. (1994) found 
that certain arrow tips have the ability to pass through ribs and possibly axial bones. Bone 
perforated by an arrow tip provides information that is beneficial to a case because it creates 
each tip creates its own unique design. Despite absence of a projectile, an examiner may 
be able to obtain the general nature of the weapon and do a comparative tool mark analysis 
of the resected bone and suspected weapon (Downs et al. 1994).  
Trauma Analysis of Skeletal Remains 
Galloway and Zephro (2014) discuss the biomechanics of fracture production of 
bone when inflicted with a high velocity force. A fracture is dependent on the direction, 
energy and loading rate of the object being used to inflict trauma. Bones will experience 
force and respond according to the architecture that best absorbs the force. Classification 
of fracture patterns is derived largely from medical literature that classify based on the 
degree and pattern of breakage. For forensic anthropologists, straight medical 
classificatory systems should be avoided, and all fractures should be charted, using 
multiple angles if possible (Galloway et al. 2014). Different bones respond differently to 
the various forces applied to them, resulting in different resistance fractures and different 
patterns of fracturing. Specific fracture classifications differ by bone because each have 
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unique features of overall morphology. The skull is a unique bone in the human skeleton 
because it is not uniform in its composition (Fenton et al. 2005). The varying thickness in 
the cranium means that fracture tolerances of the cranial bones differ and absorb shock in 
different manners. It is also important to consider the location of sutures, foramina, and 
the theoretical trusts of buttresses in the skull that are explain by Le Count and Hockzema 
(1934). Le Count and Hockzema (1934) explain the buttresses of the cranium the 
represent the vertical arches of the skull where the bone is thicker. Therefore, these areas 
are stronger than the thinner portions of the skull. These regions are the midfrontal, 
midoccipital parietosphenoidal, and parietopetrous. The hardness of bone has been found 
to be a predictor of the mechanical competence of trabecular bone. Dall’Ara et al. (2007) 
evaluate if the hardness of human trabecular bone is influenced by the tissue condition of 
the specimen and the applied load. The authors’ result showed there was no difference in 
Vickers hardness value between the two different forces applied on the three tissue 
samples used. Dehydrated remains compared to wet remains displayed a greater hardness 
value compared to the wet samples that were tested. This is due to the porosity of the 
elements when they are in dry. Rajapakse et al. (2014) examined how trabecular elements 
removed from porous bone will rarely have instances with several consecutive missing 
links, such as long fractures. These fractures play an important role in how the ability of 
the bone to transmit loads. The areas above and below a fracture will be unable to carry 
large forces. The non-linear relationship between bone density and strength of bone 
represents the consequences trabecular bone perforations and the changes in the 
trabecular architecture. The axial skeleton compared to the other areas are designed to 
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hold the weight of a load differently. Therefore, the way in which a fracture forms on the 
different skeleton elements is important for forensic anthropology.  
Cranial vault fractures can be defined by five basic categories based on 
morphology of the fracture; linear, diastatic, depressed, stellate and comminuted 
fractures. Linear fractures pass through the cranial vault quickly and tend to follow the 
path of least resistance. A linear fracture typically passes through the outer and/or inner 
table of the cranium. Despite the name, linear fractures are rarely straight and have the 
potential of diverging if there is an incomplete fracture. Diastatic fractures are variant of 
linear fractures that divert to the suture. Depressed fractures can or cannot have actual 
penetration of the skull (Galloway and Wedel 2014). Arising from depressed fractures 
may be linear fractures radiating away from the impact point. Stellate fractures resemble 
a star-like shape due to the multiple radiating linear fractures originating at the point of 
impact. Comminuted fractures of the vault result due to low velocity impact that forces 
fragmentation of the bone. Majority of the material that Galloway and Wedel (2014) 
examined was due to blunt force trauma, however, the type of fracture patterns that 
resulted are still important to consider when looking at trauma from a low velocity object.  
The axial skeleton, consisting of the spinal column, rib cage, and sternum, have 
large proportions of cortical bone, allowing for considerable absorption of energy. 
Vertical or oblique fractures of the vertebral body are produced by vertical forces applied 
to the spine. Fractures of the lower cervical vertebrae (C3-C6) due to compression consist 
of fractures of the body, spinous process and laminae. An arrow penetrating the vertebral 
column has the potential of affecting multiple features of the vertebrae. Burst fractures 
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occur on the vertebral body and produce severe comminution (Galloway and Wedel 
2014). The thoracic and lumbar vertebrae make up the middle and lower spine. Their size 
and composition allow them to be more weight bearing and resistant to strain than 
cervical vertebrae. However, when put in a situation where the trauma is going to be 
moving transverse to how vertebrae bear weight will display a different reaction in bone. 
The axial skeleton is going to break when a low velocity force is impacting the bone 
structure. In forensic arrow cases involving the axial skeleton, the tip of an arrow was 
found to be embedded in vertebrae (Cina et al.1998; Downs et al. 1994; Karger et al. 
1998). Embedding is the result of the arrow tip fixed firmly and deeply in the surrounding 
bone. Embedding of the tip creates radiating fractures from point of impact. Depending 
on direction the individual was shot the anterior surface of the body can fracture or 
fracturing of the spinous process may occur.  
Nakhaeizadeh et al.’s (2014) research demonstrates bias impact in forensic 
anthropological trauma assessments and highlights the importance of recognizing and 
limiting cognitive vulnerabilities that forensic anthropologists might bring to the analysis. 
In forensic science, there is the potential for contextual information to bias the 
assessments of skeletal trauma. In their experiment, Nakhaeizadeh et al. (2014) examined 
the bias ability within forensic anthropology by examining the different analyzing 
techniques. The effects of the external manipulations on analysis and decision-making in 
skeletal trauma assessment were compared from different test subjects. Previous research 
within forensic anthropology focused on the biological profile and the impact of trauma 
analysis in the field, but there is a lack of research on the possible biasing effects within 
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visual analysis of skeletal trauma. The study conducted by Nakhaeizadeh et al. (2014) 
demonstrated that analysis can be affected by practitioner experience and skills in trauma 
recognition. The data from their study also suggested there was a correlation between 
interpretation and extraneous contextual information provided to the participants. The 
contextual information made it, so the participants provided a diverse perception and 
decision-making on the skeletal trauma analysis. This study provides important 
information regarding the interpretation of skeletal trauma for the field of forensic 
anthropology. 
The current experiment tested the hypothesis that the compound bow will have a 
greater extent of trauma to bone than the crossbow due to the higher velocity created 
from a longer power stroke. The compound bow’s high velocity due to the archer’s draw 
was hypothesized to cause the arrow tips penetrate bone more than that of the crossbow. 
The experiment also tested the hypothesis that the broad-head arrow tip would create 
more fracture patterns on bone due to the multi-blade-prong design compared to the oval 
shape of both the conical field tip and bullet field tip.  
Taphonomy 
 
Forensic anthropologists rely on examining what happened to an individual based 
on the human skeleton. Bodies are disposed of by being submerged in water, burned or 
buried in terrestrial environments. Therefore, there are taphonomic factors playing a role 
on the body’s rate of decomposition. Taphonomic factors include sun-bleaching, soil 
erosion, weathering, gnawing from rodents and scavenging from small and large animals. 
The role of small scavengers in a wooded environment is very important for investigators 
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because they have the ability to damage remains or even transport them from the initial 
burial. Scavengers have the ability to remove any form of physical evidence that might 
have been left at the scene of the crime which could indicate what happened to the 
individual. Small scavengers were studied for six months in Holliston, Massachusetts 
(Pokines and Pollock 2018). Thirty-six pig (Sus scrofa) femora were placed in cages and 
monitored with outdoor trail cameras. The total number of taxa that interacted with the 
femora were recorded. A variety of bird species were noted to be a quarter of the percentage 
of interactions with the cages, but the majority were noted to be mammalian taxa. Small 
rodents dominated the total interactions, namely the deer mouse (Peromyscus maniculatus) 
or the white-footed mouse (P. leucopus). Following close behind was the Eastern 
chipmunk (Tamias striatus) (Pokines and Pollock 2018).  
This researcher’s goal was to identify which woodland species would have the 
potential of interacting and altering the appearance of bones. Larger scavengers were 
excluded from the study to put emphasis on smaller scavengers and how access to bones 
may be different. The cages prevented the specimens from being dragged from their initial 
location, however, it was still able to display the types of gnawing animals can do to the 
bone. The fisher cat was the only mammal to be observed gnawing directly upon the bone. 
There were two bones also noted to have traces of carnivore gnawing present. The 
information regarding which species interacted would have been lost. The research 
provided taphonomic results for forensic anthropologists having to deal with remains that 
may be recovered from a similar environment. The remains decomposing can be placed 
with which animals would interact with them. Again, this helps if certain parts of the 
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skeleton are missing from the initial disposal site or if there are gnawing marks found on 
the remains. 
Maceration Process of Human Remains 
Osteological assessment of human remains is an essential part of forensic work 
especially with casework involving decomposed or dismembered bodies. Methods for the 
removal of adherent soft tissue are water maceration, enzyme maceration or bone cleaning 
due to insect consumption (Dermestid beetles). However, there have been methods 
proposed and tested that come from using simple household detergents (Fenton et al.  2003; 
Mair et al. 2004). Mair et al. (2004) designed a study to assess the effectiveness of 
detergents and their enzymatic capabilities in soft-tissue removal. The study examined 44 
porcine hindlimbs and forelimbs placed at three different temperatures. All the detergents 
examined in the experiment were in tablet form providing a known measured quantity of 
detergent. The experiment was repeated using the combination of whole fleshed specimens 
and defleshed specimens at room temperature, and defleshed specimens at 40° C and 60° 
C. The results of the experiment confirmed that detergents provide an effective and safe 
alternative to methods of bone cleaning (Mair et al. 2004). The enzymatic action of the 
detergent at the medium temperatures of 40° C - 60° C proved to be the most effective. 
Fenton et al. (2003) developed a fast, safe and inexpensive method of non-bleaching 
removal of tissue from osseous remains recovered in a forensic context. The non-bleaching 
method is very effective because the chemical make-up will not consume calcium and 
deteriorate the skeletal specimen. According to Fenton et al. (2003), the remains should be 
placed in a water-detergent-carbonate solution to remove all the soft tissue that was not 
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removed prior to submergence. Several sequential stages of the solution may be necessary 
to remove the soft tissue and most of the fat on the specimen. However, it is up to the 
preparator for choosing the appropriate method of cleaning bone. The amount of time, the 
conditions of the specimen, and the type of facilities play a major role in the type of method 
used (Fenton et al. 2003). The strength of using a method such as detergent is the safety of 
the ingredients employed by the forensic scientist and the skeletal specimen.  
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CHAPTER 2: PREVIOUS RESEARCH 
 
Archaeological Projectile Analysis 
Previous research regarding arrow trauma focused on lithic projectile point impact 
damage on prehistoric bone assemblages rather than modern projectiles in forensic 
analysis. Experimental research on the effects of arrows on osseous remains using 
modern projectiles is very scarce, but archaeological research has tested how prehistoric 
hunting weapons were effective for their time.  For example, Odell and Cowan’s (1986) 
experimental study focused on the fundamental aspects of projectile points and their 
effectiveness, penetrating characteristics, damage, and difference in tip design. Leduc 
(2014) noted that there are three forms of evidence related to hunting activities in 
prehistoric contexts: the hunting weapon, bow and arrow fragments, lithic and bone 
projectile elements, and hunting injuries from impact on animal bone remains. Her 
experiment emphasized re-analysis of bone assemblages, relying on information gathered 
from experimental research on projectile impacts. Leduc’s (2014) research focused on 
faunal assemblages as well as examined hunting injuries from impact damage on the 
bone by the lithics. In both experimental studies, the authors discussed the characteristics 
of projectile tips and their ability to damage bone. However, their experiments did not 
discuss a systematic classification system that describes impact marks made on bone. 
Milner (2005) discussed a better of understanding of how closely archeological 
skeletons with evidence of various distinctive weapons marks are related to times of 
warfare. Portions of archaeological skeletons displaying trauma such as projectile 
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wounds, fractures attributed to stone axes, mutilations involving the removal of body 
parts are notable signs of fighting communities. Milner (2005) examined 191 skeletons 
from the 19th century Indian Wars in the American West. Majority of the information 
came from surgeons’ reports, however, the author worried that there was a lack in data 
due to possibility that the type of wound would not be recognizable by the surgeon and 
therefore not reported. The chances bones were struck in the sample varied based on 
location of the trauma. The lower limbs were least likely to display some type of bone 
trauma; however, the thorax, abdomen, head and neck were frequently struck. In the 
thorax, arrows were mostly found embedded in vertebrae, but the scapula, ribs and sterna 
were noted to be damaged (Milner 2005). The author believed that the damage to the ribs 
was underrepresented considering the thorax was one of the main regions struck with 
arrows. However, it is possible that the arrows passed through intercostal space. Milner 
(2005) was able to provide historical research on the impact of arrow trauma in wartime 
situations, however, the ability to interpret the osteological characteristics of projectile 
trauma was not provided by his research.   
Smith et al. (2007) examined flint projectiles from the Upper Palaeolithic and 
analyzed the type of bony trauma they cause. Their experiment was able to demonstrate 
various types of damage that are suggested to be specifically produced by stone-tipped 
weapons. The results from their experiment demonstrated that positive identifications can 
be made from flint projectiles. It was noted that flint projectiles often leave small 
embedded fragments. The wounds produced from the experiment compared well with 
other archaeological examples which supports the fact that the results from their 
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experiment can be used to identify such injuries. Facilitating substantial data in 
recognizing projectile trauma, the findings from Smith et al. (2007) were able to provide 
significance for the investigation of hunting strategies among prehistoric societies as well 
as the level of conflict amongst those early societies. Additionally, Pétillion et al. (2011) 
conducted an experiment to analyze the projectile technology of the European Upper 
Palaeolithic. During the Upper Palaeolithic, the development of numerous and diverse 
lithic and osseous types of projectile tips was one of the main aspects of that time 
(Pétillion et al. 2011). The authors constructed antler points that were effective in 
piercing the hide of a target and breaking through to some of the underlying bones. 
Pétillion et al. 2011 added a flint edge to the points which allowed for nearly a double in 
the mean of the penetration depth. The authors used the penetration capability as a 
measure of the weapon’s efficiency in killing prey by assuming the deeper the wound 
will cause more internal damage to the target by increasing the chance of massive blood 
loss. The experimental study did have a few cases in which the projectile impacted bone, 
however, the main focus on the study did not look at the effect of projectiles on osseous 
trauma.  
Due to the minimal experimental research of trauma analysis of crossbow and 
compound bow injuries in forensic cases, there is a lack of standardized criteria for 
identifying projectile impact marks (PIMs). O’Driscoll and Thompson (2014) criticized 
the anthropological field for lacking a consensus on terminology used to define 
diagnostic marks created by projectiles. Those authors conducted an experiment that 
tested Middle Stone Age projectile points and developed standardized criteria for 
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identifying PIMs. The impact marks that the authors used were categorized as either a 
drag, puncture, fracture, cracking or embedment. O’Driscoll and Thompson (2014) define 
a drag as a cut-like mark. A puncture occurs when the projectile point does not break 
through the cortex, leaving an indented mark. A fracture occurs when the cortex has been 
broken, with a section of bone breaking off. Cracking is defined as cracking of bone 
radiating from the initial mark. Finally, embedment is defined as part or all of the lithic 
point becomes embedded in the bone (O’Driscoll and Thompson 2014) (Table 2.1). 
O’Driscoll and Thompson (2014) tested two groups to see if the variable of distance 
played a role in the presence of the bony lesion characteristics. They also examined the 
variability in the shape and size of the lesion based on the type of arrow tip and the 
distance. The authors concluded that increasing shooting distance does affect the velocity 
of the projectile; it changes the force at which it impacted bone. If the shooting distance 
is increased, the tip of the bolt will strike bone while it is decelerating. The arrow will 
have passed the point of maximum velocity, and as velocity of the bolt decreases the rate 
at which the tip strikes bone will decrease.  
Forsom and Smith (2017) examined the lesions left by three kinds of Medieval 
arrowheads: leaf-shaped broad-heads, armor-piercing bodkins, and barbed hunting broad-
heads when shot from a long bow. Forsom and Smith (2017) used the descriptions 
created by O’Driscoll and Thompson’s (2014) to distinguish the differences in the bony 
lesions left behind on cattle (Bos taurus) scapulae. The authors felt that the variable 
thinness found in a scapula was representative of the range of thickness found in human 
skulls. The arrowheads used in this experiment were constructed to represent Medieval 
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weapons, but the observations made in the experiment can be associated to the design of 
modern hunting arrow tips. Majority of the impact marks were classified as punctures. 
However, fractures and drags were noted to be another impact mark present. It was noted 
the broad-heads and bodkins penetrated bone more easily due to their shape. Forsom and 
Smith (2017) concluded that when comparing the arrowhead types, it was possible to 
distinguish the differences in the marks made on bone, but only when examining the 
puncture lesions. They also argued that lesions without extensive radiating fractures are 
unlikely to be formed from high velocity crossbow bolt impacts.  
Aerodynamics and Ballistics of an Arrow  
Arrows that advanced from the simple bow and arrow to the complex compound 
bows and crossbows represent steps in the evolution of hunting weapons. Although 
compound bows and crossbows are considered low-velocity weapons, they have the 
ability to penetrate soft tissue and flat bones, such as ribs. The kinetic energy necessary to 
propel an arrow is generated by the draw work of the archer or pull back mechanism of a 
crossbow (Karger et al. 1998). The instant that the arrow leaves the string, it is at its 
maximum velocity and will continuously decelerate before contacting its target. 
Therefore, the most important information about an arrow is how much speed, kinetic 
energy and momentum the arrow has at the point of impact. After an arrow leaves the 
bow, there is no longer a force pushing and accelerating the arrow. The only outside force 
is the air resistance slowing it down, which is also referred to as drag (Archery Report 
2011). To determine how much drag an arrow experienced, the drag coefficient must be 
calculated. It is a dimensionless number that is determined by the shape of the body of 
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the arrow. The value is the same for a light weight and heavy weight arrow, because on 
the outside they are dimensionally equivalent (Archery Report 2011). The drag also has 
the potential to be reduced by reducing the friction faced during flight. The less drag on 
the tip, the greater the speed the arrow will travel, whereas the more significant the drag 
the slower the rate of the arrow (MacPhee et al. 2018). To reduce the drag, light and more 
streamlined arrowheads are designed to fly through the air.  
There are a variety of arrow tips that are used by crossbows and compound bows. 
The conical field-tip is used mainly in target shooting and not used during hunting. The 
conical field-tip is described as being slender in shape and creates a circular shape after 
contact with a target. The bullet-tip is also mainly used for target shooting. The tip is 
considered slender in shape, but wider than the conical field-tip. The shape resembles that 
of a small caliber bullet. Blunt tips can be made from rubber or plastic and are used in 
small game hunting. The flat rather than pointed tips are meant to kill by shock to the 
small animals than cause a type of physical trauma. The judo point is designed for field 
practice and used in selecting targets such as leaves, stumps, and sticks. Finally, the 
rubber point is similar to the bullet points in that they are blunt and wide. A popular 
hunting arrow tip is the broad-head tip. The broad-head can be classified as having 
between three to six thin razor-blades attached to the tip. The broad-head is mainly used 
for large game hunting, because the razor blades once entering the target will 
immediately cause hemorrhaging. Arrow shafts play an important role in the efficiency of 
shooting an arrow. Most compound bows and crossbows use fiberglass, aluminum, 
carbon fiber or carbon fiber with alloy core shafts. Fiberglass arrows generally display 
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better arrow-to-arrow consistency and used for training purposes (Sung et al. 2018). 
Aluminum arrows are used for training and beginner archers. Carbon fiber shafts have 
small diameters and are much lighter in weight. Therefore, they accelerate to much 
greater velocities and travel longer distances. The only disadvantage is that they are 
fragile and are not subject to reuse after damage (Sung et al. 2018). 
Sung et al. (2018) provide a forensic approach to the functions of a compound 
bow to provide forensic pathologists and scientists with a background on the major 
components of the complex weapon. The purpose of a compound bow is to provide a 
mechanism to propel an arrow towards its intended target with greater force. The 
compound bow consists of intrinsic components that are required for the weapon to 
operate and shoot safely. These features include the riser, arrow shelf, grip, limbs, cams, 
and bowstring (Sung et al. 2018). The riser is the main component of the bow that 
attaches to most intrinsic and extrinsic components. The arrow shelf is where the arrow 
rests when preparing to fire. The grip is located under the arrow shelf and can be 
permanently molded to fit a generic hand or individualized. The limb is the portion of the 
bow that stores the potential energy imparted by the archer. Each limb possesses 
specified rigidity that is called the draw weight. The draw weight typically spans from 10 
to 15 pounds (lbs); i.e. a compound bow draw weight can be 50 and 60 lbs., or 60 and 70 
lbs., or 70lbs. and 80 lbs. (Sung et al. 2018). The extrinsic features of the compound bow 
enhance the performance of the weapon. The arrow rest which is associated with the 
arrow shelf secures the arrow on the bow through the draw cycle and release to provide 
for a more accurate shot. Stabilizers are one of the main functions of the bow that allow 
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for steady, smooth shooting of the arrow (Sung et al. 2018). The breakdown of 
compound bow features provides important information for pathologists and forensic 
anthropologists when examining trauma caused by such weapons. 
Arrow Trauma in Forensics 
An increasing number of forensic case studies are being reported involving arrow 
wounds. Madhok et al. (2005) discussed that even though penetrating arrow injuries are a 
rarity in the West, tribal populations that are still in existence in India still frequently use 
projectiles as a form of weaponry. The tribes make their own bows from wood and 
handcraft their arrowheads from iron. In comparison to the field tip and broad-head 
arrows used in developed countries, the ones that are used among these Indian tribes are 
made of tapered and sharpened iron (Madhok et al. 2005). Their retrospective study was 
established to study the clinical profile of arrow injury patients and analyze the problems 
that are faced in regard to trauma management. The 70 patients that were treated at 
trauma centers had injuries among the chest, thoraco-abdominal, abdominal or limbs. 
Their study did not experience any arrow injuries that impacted the head and neck. 
Overall, arrow injury and its management in the clinical field is still relevant in this 
century, but more importantly in the third world where it is still used a main source of 
weaponry in war. To manage an individual’s survival optimal exploration in the field of 
successful treatment of arrow trauma should be established.  
In more developed countries in the 21st century, the crossbow and compound bow 
is an easily obtainable weapon. They both require little practice or skill to shoot 
effectively, and are often seen in cases of homicide and suicide (Karger et al. 1998). 
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Unlike guns, a crossbow or compound bow does not require a permit for purchase. 
Therefore, these weapons are more easily obtainable than a firearm. The majority of 
forensic cases involving arrow trauma are related to two areas of the body, the cranium 
and thorax (Byard et al. 1999; Chang and Hsee 2010; Cina et al. 1998; Downs et al. 
1994; Eriksson et al. 2000; Grellner et al. 2004; Hain 1989; Karger et al. 2004; 
Krukemeyer et al. 2005; Opeskin and Burke 1994; Panata et al. 2017; Peloponissios et al. 
2001; Pomara et al. 2007; Rogers et al. 1990; Salvino et al. 1991; Shadid et al. 2008; 
Smyk 2009; Tenzin et al. 2011; Xiao et al. 2016).  
Suicide and suicide attempts caused by compound bows and crossbows are rare 
but have been reported in various countries (Byard et al. 1999; Cina et al. 1998; Downs 
et al. 1994; Grellner et al. 2004; Hain 1989; Opeskin and Burke 1994; Panata et al. 2017; 
Rogers et al. 1990; Shadid et al. 2008; Xiao et al. 2016; Zatopkova and Hejna 2011). 
Fatal arrow trauma is most frequently seen in forensic casework involving homicides 
(Downs et al. 1994; Erikkson et al. 2000; Grellner et al. 2004; Hain 1989; Karger et al. 
2004; Rogers et al. 1990; Pomara et al. 2007). Crossbows and compound bows are 
noiseless and accurate distance weapons which require little skill to operate. Obtainability 
of such weapons, especially as the sport of hunting is rising, has resulted in the 
emergence of such cases in the forensic field.  
Crossbow and Compound Bow Suicides  
Cases of suicide by crossbow and compound bow mainly include the arrow or 
bolt entering the cranium (Downs et al.1994; Grellner et al. 2004; Opeskin and Burke 
1994), but there are also cases of bolts penetrating the upper chest or abdominal region 
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(Cina et al. 1998; Downs et al. 1994; Hain 1989). Cina et al. (1998) described a case 
where an individual was able to use a full-sized compound bow to fire an arrow into the 
left side of his chest with a broad-head tip. Examination of not only the wound but of the 
rest of the body suggested that the individual was able to the draw the bowstring with his 
left foot while holding the bow in his hands. The arrow penetrated the anterior wall of the 
chest and perforated the left fifth rib anteriorly, the pericardium, the right ventricle, 
interventricular septum and the left ventricle. The projectile was embedded into the bone 
of the anterior aspect of the vertebral body of the thoracic region. 
As stated, the majority of crossbow or compound bow suicides involve trauma to 
the cranium rather than injury to the thorax. Downs et al. (1994) discussed a case that 
involved a crossbow bolt entering the right upper eyelid and penetrating the right orbital 
plate, right frontal lobe, and right temporal lobe then passing through to the right occipital 
lobe. The entrance wound had three radiating incisions with a shattered underlying orbital 
plate. An important aspect of the wound was the outwardly beveled exit wound. It had 
three radiating linear fracture lines, all consistent with the shape of a three-pronged 
broad-head arrow tip. Byard et al. (1999) discussed two cases of death due to self-
inflicted crossbow injuries to the head. The first case involved an 18-year-old individual 
who shot himself with a crossbow between the right ear and eye. The bolt traveled 
superiorly and posterior to the cranial cavity behind the right orbit. The circular defect in 
the cranial cavity was noted to have internal shoveling present. The circular defect was 
the result of a conical field-tip penetrating bone. The second case described a 27-year-old 
man found with a crossbow bolt protruding from beneath his chin. The wound was 
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examined and noted to have three radiating incisions under the chin. The bolt passed 
through the midportion of the tongue, the posterior palate behind the hard palate, then 
through the basilar portion of the occipital bone (Byard et al. 1999). The three radiating 
incisions from case two indicate that the individual used a broad-head tip. 
 Another case report of a crossbow suicide discusses a 44-year-old man who was 
found with multiple crossbow bolts to the head. The individual was found with his left-
hand present around the trigger guard of his crossbow. There were two arrows protruding 
from his face. The first was located between the deceased’s left eye and nose, and the 
second was protruding from the mouth (Opeskin and Burke 1994). The skull radiograph 
revealed two metallic triple-edged hunting arrow tips within the skull of the individual. 
The injury of the eye and nose extended to the mouth where a broken arrow was found in 
the left anterior wall of the cranial fossa. The arrow traveled through the orbital plate to 
the base of the left frontal lobe of the brain, with no exit. The second arrow traveled 
through the lower lip, hard palate and the base of the right temporal lobe. The second 
arrow did exit from the right parietal parasagittal region (Opeskin and Burke 1994). The 
authors noted that due to the crossbow bolt having a low velocity, the ability to create a 
concussive force like firearms is limited. Vital organs can remain untouched; therefore, it 
is possible for an individual to have more than one attempt of shooting a crossbow during 
suicide. Panata et al. (2017) analyzed the case of a 40-year-old man with a crossbow bolt 
stuck in his skull. The subsequent entry wound examination revealed a three-pointed star 
shape, consistent with the three blades of a broad-head tip. The skull dissection showed 
several fractures originating from the bony lesion where the bolt tip was stuck. Panata et 
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al. (2017) also discussed the surprising outcome of the low energy and speed of the 
projectile. The case report highlights that crossbows do not require practice to guarantee 
deep penetration of tissue. They suggested stricter restrictions or controls of sale of such 
weapons because of their destructive capabilities. 
Crossbow and Compound Bow Homicides 
Homicide cases involving compound bow or crossbows are also rare. Grellner et 
al. (2004) examined cases of homicides with crossbows as the associated weapon. One of 
the homicide cases consisted of the perpetrator taking his recreational Barnett Commando 
crossbow and aiming it at a stranger’s forehead in his neighborhood. The point of entry 
was located below the left eye, with the bolt still projecting. Another case consisted of a 
homicide that included a middle-aged man found dead without any sign of the bolt at the 
scene. The bolt had penetrated the left thorax, passing through the left nipple in the form 
of a triple radial cut. The wound passed through from the fifth intercostal space anteriorly 
to the ninth intercostal space posteriorly. However, there was no complete exit wound, 
only a small defect on the skin of the back left. It was important to do the autopsy in this 
particular case, because the thorax wound was not recognized as a crossbow injury but 
considered a typical stab wound (Grellner et al. 2004). Failure to find evidence of a bullet 
at the scene or in autopsy should alert forensic pathologists to the possibility of a field tip 
arrow may have caused the trauma. 
Another homicide case took place at the victim’s workplace, and the victim’s 
body was found with three protruding arrows (Eriksson et al. 2000). One arrow entered 
the chest superior to the base of the xiphoid process on the sternum. The second, a broad-
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head arrow, entered the right abdomen and lower section part of thorax, penetrating the 
tenth rib and posterior chest wall. The third arrow used was a conical field-tip that 
entered the right forearm, with tenting of the skin on the opposite side, but without bone 
injuries. The holes in the victim’s jacket indicated that the type of arrow tip entering the 
chest and abdomen was the same, whereas the one that entered the right forearm showed 
a different shape. 
Pomara et al. (2007) reported an unusual crossbow homicide that included cranial 
injuries caused by a penetrating lesion. The absence of evidence at the crime scene and 
the peculiarity of the wounds necessitated careful investigation to identify the type of 
weapon. In most cases, it is difficult to assess the type of weapon used, because the 
majority do not leave behind distinctive characteristics. Gunshots, crossbows, and spear 
guns all have the potential of producing the same type of external wound (Pomara et al. 
2007). The way in which the bone reacts to the impact is variable based on the amount of 
force applied or other previous damage to the bone affecting it to react differently. The 
52-year-old male in this case had a circular wound in the left occipital region and a 
conical bone defect on the underlying occipital bone. It mimicked the typical aspects of a 
gunshot entrance wound. After further examination of the brain and an experimental 
analysis of various weapons, the wound was determined to be caused by a manually 
constructed dart. However, a more thorough investigation of the suspects property 
revealed modified metal crossbow bolts that resembled that of the wound found on the 
victim. Pomara et al. (2007) noted that experimental simulations cannot always be 
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accurate re-enactments of the crime, so caution must be exercised in any interpretation of 
experimental simulations. 
Non-Fatal Arrow Trauma 
Arrow wounds do not correlate with only suicidal or homicidal situations. There 
are instances of accidental injuries or non-fatal injuries that can occur from using a 
compound bow or crossbow. Tenzin et al. (2011) discussed the case of a two-year-old child 
who was struck in the head by an errant bolt released from a compound bow. The 
individuals aiding the child instinctively attempted to remove the bolt forcibly, with no 
success. At the hospital, the bolt was noted to have entered the left anterolateral forehead, 
piercing the cranium and exiting, the tip intact, at the left posterolateral occiput (Tenzin et 
al. 2011). To remove the bolt, the edges were cut down and filled to remove the sharp 
edges. The bolt was firmly in place, so the skull required enlargement. The bolt was pushed 
and pulled through the individual’s head in an anterior to posterior direction (in the same 
direction as the bolt’s entry) (Tenzin et al. 2011). The authors made note that in general for 
such an emergency as the 2-year-old, the bolt or arrow should be left in situ and stabilized 
to limit motion until the patient is under proper medical care.  
In developed countries such as Australia and New Zealand, hunting exercises are 
frequently practiced that result in a number of projectile injuries. In New Zealand, a 24-
year-old man was brought into the emergency room with a crossbow bolt penetrating his 
left supraclavicular fossa (Chang and Hsee 2010). The individual was struck with a broad-
head tip from a crossbow at approximately 30 meters away. There was no injury to any 
vital organs or muscles. The individual’s chest was drained and released after the third day 
27 
of hospitalization. Chang and Hsee (2010) noted that unlike gunshot wounds, cavitations 
deep into the bone cavity do not occur in arrow trauma because of the low kinetic energy. 
As well as, bleeding is uncommon, because soft tissue will narrow or close the wound 
track, acting as a tamponade. Thus, knowledge of the arrow tip is important when planning 
extraction.  
The majority of accidental projectile trauma is the result of a routine cleaning that 
went wrong. For example, a 19-year-old man shot a bolt transorally through his cervical 
spine while doing a routine cleaning of his crossbow (Salvino et al. 1991). The trajectory 
that the bolt had taken went through the tongue, obstructing visualization of the pharyngeal 
wall. The tip of the bolt was resting on the posterior arch of C1. During surgery, 
manipulation of the tip demonstrated that counterclockwise rotation would remove it from 
the shaft of the bolt; the tip was then removed with forceps. The individual was discharged 
two weeks after surgery. Another case of an accidental injury from a routine crossbow 
cleaning resulted in a 31-year-old individual with a bolt entering the skull above the right 
eyelid and exiting occipitally to the left (Krukemeyer et al. 2006). The man was able to 
unscrew the conical filed tip from the protruding bolt himself once he regained 
consciousness. At the hospital, the x-ray showed the bolt traveled through-and-through 
from the right orbita through the corpus callosum and the ventricles up to the caudal sutura 
(Krukemeyer et al. 2006). The bolt was able to be removed in the direction of entry without 
major tissue damage. The individual was able to go through physical therapy and after four 
months no longer had clinical symptoms. Non-fatal arrow trauma is equally relevant, 
because the trauma offers helpful data that can be used in later case investigations. 
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Arrow Penetration Through Textiles 
A penetration injury is generally the result of a sudden and forceful pressure in a 
small area. The force causes fabric tissue to be stretched or crushed by a projectile, bullet 
or knife. Fabric damage can occur in a variety of ways depending on the weapon used, 
such as tearing where the pulling force on the fabric will cause the thread to stretch or 
break or cutting where the fibers are severed. Therefore, studies have examined the 
penetration capabilities of an arrow or bolt on soft tissue and bones in the presence of 
clothing (MacPhee et al. 2018; Taupin 1998). The study of clothing in projectile trauma 
can provide insight to if the layer of clothing was able to reduce the penetration capacity, 
as well as, provide information regarding the type of tip used. External examination of 
the clothing present and the soft tissue are able to provide tip characteristics. 
MacPhee et al. (2018) conducted an experiment to test the penetration capability 
of four different tips; the broad-head, bullet, judo and rubber tips. The experiment 
consisted of t-shirt (95% cotton and 5% elastane) and the jeans (65% cotton, 33% 
polyester and 2% elastane, plain weave) or (100% cotton, plain weave) being shot with 
each arrowhead twice at a distance of 10 meters (MacPhee et al. 2018). Elastane is a type 
of elastic material that is commonly referred to as spandex. Each article of clothing was 
covering a block of gelatin that contained a femur, vertebra, or rib. The clothing was 
either left draped loosely over the gelatin or stretched to tightly fit over the gelatin. They 
also used a block of gelatin that was not covered with clothing as a control. 
The results showed that the broad-head penetrated the most compared to the judo, 
bullet and rubber points. The vertebrae had the tip of the broad-head arrow penetrate the 
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outer cortical layer, becoming embedded and causing damage within to the inner 
trabecular structure. The femur, which is much denser and harder, caused a ricochet, 
leaving only a small indentation and no penetration of bone. The impact to the femur 
damaged the blades of the broad-head, causing them to detach. The impact of the arrow 
tips, except the broad-head, bent and caused the arrow head to be pushed back into the 
shaft and split around shaft. As for the effect of clothing on penetration capacity, the 
design of the arrowhead did play a major role in the penetration depth, but as expected 
the clothing did reduce the penetration capacity of all tips, except the rubber point 
(MacPhee et al. 2018). There was variation between arrow tips and penetration capacity 
in the gelatin, as well as, variation in the penetration capacity with the type of clothing fit 
to the gelatin blocks. The study attributed to the fact that energy from a projectile can be 
transferred to the fabric of the collision. Fibers will absorb the energy until the projectile 
is stopped, or the fiber will reach a tipping point that strains too much until it breaks. 
Overall, each arrowhead caused considerable damage in their own way, making it 
possible to distinguish each from one another. 
There is value in examining the characteristics of damage to clothing, because the 
analysis may be useful if soft tissue and the external wound is badly decomposed. The 
microfibers found in clothing can provide additional information when looked at 
microscopically (Taupin 1998). The array of metal vanes in a specific type of arrow 
produces a characteristic defect in textiles which can correspond with the arrowheads’ 
geometric shape. Examining the presence of foreign fibers and pilling on severed fiber 
ends of a material can provide information on how worn the fabric may be. Taupin 
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(1998) examined a case where a son shot his father with his crossbow. The remains were 
burnt and then disposed of in a local river. Investigators were able to compare damage to 
the victim’s shirt to two “Y”- shaped cuts found on a pillow case and blanket. The cuts on 
the pillow were examined microscopically. The characteristics of the cuts provided 
information supporting that they were not recent marks, as in since the last wash (Taupin 
1998). However, the cuts were noted to resemble those on the t-shirt found in the victim’s 
home. The distinctive characteristics of damage examined in the case suggested that 
occasionally textile damage may be a clearer reflection of the weapon’s geometry than 
the internal trauma. 
Comparison of Gunshot Wounds to Arrow Wounds 
There are circumstances within the forensic field that require the knowledge of 
arrow wound characteristics when it comes to differentiating them from gunshot wounds. 
This is especially important in cases that do not leave a bullet casing, arrow, or bolt at the 
scene. In the Randall and Newby (1989) experiment, they discussed a case of a deer carcass 
with a circular lesion on the hide found when the season was archery-only. Their 
experimental work of comparing arrow wounds created by field-tip heads to 12- and 20- 
gauge shotgun, 9-mm and .38-caliber ammunition concluded that the wounds share many 
characteristics that cannot be differentiated. A gunshot entrance wound typically has a 
circular central defect, whereas an arrow will have a more elliptical or slit-like shape. This 
is due to a bullet having a higher velocity upon impact compared to that of an arrow or 
bolt. Another indicator of a gunshot wound is clear abrasion rings on the entrance wound, 
unlike arrow wounds (Randall and Newby 1989). Abrasion rings are found on the external 
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entrance wound of an individual and are typically reddish-brown in color (Quatrehomme 
and İşcan 1999). Abrasion rings are mainly found on individuals that still have soft tissue 
present on the body and near the site of trauma. 
In gunshot wound cases, most entry wounds on bone are found to be oval with 
visible internal beveling (Quatrehomme and İşcan 1999). The cranial vault is characterized 
by having an inner and outer table of dense cortical bone (Galloway and Wedel 2014). The 
outer table will be involved more extensively, because it bears the direct force of impact. 
Projectile trauma or gunshot will likely penetrate completely (Galloway and Wedel 2014).  
Internal beveling occurs when the inner table of the skull has more bone loss than the outer 
table, producing a cone-like shape in the direction of the bullet entry (Harle 2017). The 
direction in which the bullet was traveling when it perforates bone can be determined by 
the wound’s appearance. The cavity within the structure will expand within the substance 
of the body, pushing skeletal fragments outward, with beveling on the external surface of 
bone.  
Considering the internally beveled entrance as the primary fracture, a sequence of 
the secondary and the tertiary fractures consist of two types. Radial fractures originating 
from the point of impact is the first. The second and less common are concentric heaving 
fractures occurring as a tertiary event, following the secondary radial fractures (Smith et 
al. 1987). Concentric fractures appear as a series of arcs or generations of circular fractures 
centered at the point of impact. Concentric fractures are never observed without the 
presence of radial fractures, but radial fractures alone can relieve stresses without 
concentric fractures being formed. Smith et al. (1987) state that concentric heaving bevels 
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are due to intracranial overpressure as opposed to secondary transition phenomena. 
Therefore, it may be possible to determine direction of a low velocity bullet without 
reliance upon beveling of the primary entrance or exit fracture.  
In lethal shot wounds to the head, cautious conclusions on the type firearm that was 
used can be drawn from the diameter of the primary defect on the skull. However, Betz et 
al. (1997) determined that detailed data dealing with the frequency and distribution of 
fractures in the different cranial fossae are not reported in forensic literature. Bone fractures 
are highly influenced by the energy, velocity and type of bullet used. Anatomical features 
found in the cranium all react differently due to the carrying thickness that is found in the 
skull. The author’s study examined the appearance of fractures at the base of a skull in 
relation to the type of weapon and caliber used. The authors found that depending on the 
weapon used (captive bolt pistol, shotguns or large caliber rifles, and handguns or small 
caliber rifles) the path of the fractures at the base of skull differed. The handguns or small 
caliber guns which they noted to be low-velocity were subdivided into different categories 
of how bone reacted at the base of the skull. The first category detailed that no fractures at 
the base of the skull were present. In the Betz et al.’s (1997) experiment, they focused on 
the bone trauma and not that surrounding soft tissue like Randall and Newby (1989). Their 
analysis demonstrated that firearms have the capability of not creating characteristic 
features such as evidence of radiating fractures from impact or beveling on the entrance 
wound. 
The conclusions from Smith et al. (1987) and Betz et al. (1997) are important to 
use when comparing projectile and gunshot trauma. Low velocity weapons are still able 
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to provide information regarding directionality of the wound. Randall and Newby’s 
(1989) experimental study comparing gunshot wounds and conical field tip wounds is an 
example of how important it is in knowing details about the wound. Once the 
characteristics of osseous projectile trauma is understood, the comparison between 





Table 2.1 Descriptions of O’Driscoll and Thompson (2014; pg. 403) categories 
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but not all the way through the 
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of bone breaking off 
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Part of all of the lithic point 




CHAPTER 3: METHODS 
 
Materials 
A TenPoint Venom Crossbow, with a draw weight of 175 pounds (lbs.) (Figure 
3.1), and a Hoyt Compound Bow were used for the experiment. The Hoyt Compound 
Bow (Figure 3.2) had a draw weight of 60 lbs. and a draw length of 31 inches (78.74 cm). 
Twenty-four Carbon Defender carbon fiber arrows and ten TenPoint crossbow bolts were 
purchased at Jerry’s Bait and Tackle in Milford, Massachusetts. The total number of 
broad-head tips was ten, while the conical and bullet tips came in packages of 12. The 
broad-head tips were Thunderhead 13/16, 125 grain tips. The conical and bullet tips were 
Saunders brand. The conical were 17/64, 125 grain tips and the bullet were 9/32, 125 grain 
tips (Figure 3.3). 
The specimens used for the experiment were from two different animal species. A 
total of 27 pig (Sus scrofa) heads were purchased from A. Arena and Sons located in 
Hopkins, Massachusetts and from Taurus Packing Company in Boston, Massachusetts. 
The heads purchased from A. Arena and Sons were fleshed and five had hair visible. The 
heads purchased from Taurus Packing Company were all fleshed but did not have any 
hair. Twenty-nine necks including the cervical and first thoracic vertebrae of white-tailed 
deer (Odocoileus virginianus) were also obtained from A. Arena and Sons. Each neck 
contained approximately seven or more vertebrae. The necks for the experiment did not 
have skin present and were just muscle tissue.  
Experiment 
35 
On 7 June 2018, the experimental compound bow and crossbow shooting took 
place at the Boston University Outdoor Research Facility (ORF) in Holliston, 
Massachusetts. Mr. Joe Shepard, an affiliate of Boston University, who is professionally 
trained in the use of compound bow and crossbows, assisted in the actual infliction of 
trauma. The weapons mentioned previously were the property of Mr. Shepard. The 
calculated distance was the same for each shot to limit variability in the experiment. The 
specimens were placed 15-yards (13.72 meters) away from the shooter’s location. The 
distance was suggested by Mr. Shepard because it is the typical distance in target 
shooting. The specimens were placed at a height of three feet and eight inches (1.12 
meters) from the ground. The Hoyt Compound Bow was used first on the white-tailed 
deer necks and the pig heads. There was a small percentage of tips that missed the target 
completely, and there were tips that did not create a significant impact mark on bone. 
Therefore, the arrow was shot until an impact on bone was made. On average, if the 
arrow needed to be reshot, it would impact on the third release. The necks had much soft 
tissue present, and the bone target was very small. Therefore, if the arrow hit the soft 
tissue it was retrieved and shot again until bone was impacted. The arrows and tips shot 
from the compound bow were easy to retrieve and reused for the neck specimens. If the 
arrow tip became embedded in the bone, it was left in place. If possible, the arrow shaft 
was retrieved by unscrewing the tip off the arrow in a counterclockwise rotation. A total 
of five necks of the white-tailed deer were shot with the conical tip; along with a total of 
five necks were shot with the bullet tip from the compound bow. Finally, four necks were 
shot with the broad-head tip from the compound bow. The total number of necks shot by 
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the compound bow was 14. The necks were photographed to display the penetration 
marks on the soft tissue (Figure 3.4).  
The heads of the pigs were shot next by the compound bow. The heads were 
placed so that the snout was facing directly toward the archer. The frontal and parietal 
region of the cranium were the main target areas. Twelve heads were shot by the 
compound bow in total. Four were shot with the conical tip, four were shot with the bullet 
tip, and four were shot with the broad-head tip. The cranium of the pig was denser than 
the necks; therefore, arrow and tip retrieval was much different. Two arrows broke from 
the impact to the cranium, while some tips embedded themselves in the bone and could 
not be removed for future shooting. Photographs were taken of the impact sites on the 
soft tissue of the heads. The soft tissue characteristics from the arrow tip were also 
documented.  
The crossbow was used following the compound bow. Following the same 
method of the compound bow, the necks of the deer were shot, then the pig heads. A total 
of eleven necks were shot by the crossbow. Four were shot with the conical field tip, four 
were shot with bullet tip, and three were shot with the broad-head tip. The bolts of the 
crossbow were retrieved if possible and used again. Following the necks, the pig heads 
were shot by the crossbow. The heads were placed similar the ones shot by the compound 
bow, with the snout facing the shooter. The conical field-tip was shot at four heads, and 
the bullet tip was shot at four heads. The broad-head tip was shot at three heads (Figure 
3.5). The total number of heads shot by the crossbow was eleven. It must be noted that 
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the arrows and bolts breaking limited the number of specimens shot at. The number of 
bolts that broke from impact with the denser bone affected the number of total impacts.  
Following the process of creating projectile impact marks, the remains were left 
out at the ORF to decompose (Figure 3.6 and Figure 3.7). The necks and heads were 
broken down into six categories based on the type of tip and weapon used to create the 
impact. Group A.1 were noted as the specimens shot by the compound bow with the 
conical field-tip. Group A.2 were noted to be shot by the crossbow with the conical field-
tip. Group B.1 were the specimens shot by the compound bow with the broad-head tip. 
Group B.2 were the specimens shot by the crossbow with the broad-head tip. Group C.1 
were the specimens shot by the compound bow with the bullet tip, and group C.2 were 
the specimens shot by the crossbow with the bullet tip. Five out of the six head categories 
were placed out at the ORF in animal cages because of the size compared to the necks. 
They were placed in cages to prevent large predators from scavenging them. However, 
there were only five cages available. Group A.1 had the heads and necks all placed under 
wire mesh. The remaining categories had only the necks placed under wire mesh in front 
of the cages that were associated with the same group. The groups were labeled to make 
sure they can be differentiated once they decomposed.  
At first the remains were placed in an area of the ORF that was being hit directly 
with sunlight. The sunlight was drying out the remains and increased the chances of 
mummification. Therefore, the remains were moved and placed under a tree to maximize 
shade and moisture. The remains from A.1 were taken from under the mesh wire and 
placed in an animal cage like the other groups. As well as, the necks from each group 
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were removed from the wired mesh and placed in animal cages that corresponded with 
their groups. Photographs were taken once all the specimens were laid out in the 
decomposition field (Figures 3.6 and 3.7) 
Maceration Process 
 The remains were checked frequently to make sure that the decomposition 
process was working effectively. The decomposition process of the necks was much 
quicker than the heads and were the first to be macerated. Once the necks were more than 
90% decomposed, they were brought in from the decomposition field for further tissue 
removal. 
 The remains were macerated by simmering in a solution with BizÒ detergent. 
Each pot contained 47 L of water and was placed on burners that were kept at a 
temperature just below boiling. A thermometer was placed in the pots to make sure the 
temperature was consistently below boiling. The temperature remained between 60° and 
70° C.  Each neck was placed in a medium or small sized mesh bag. The small mesh bags 
were used on the necks that had isolated areas of impact. Each bag was labeled with the 
group number it came from. After labeling the bags were placed into one of the three 
crockpots. The first pot contained groups A.1 and A.2, the second pot contained groups 
B.1 and B.2, and finally the last pot contained group C.1 and C.2. The BizÒ detergent 
has acting enzymes such as amylase which work in breaking down starch, lipase which 
breaks down fats and oils, and protease that breaks down protein. The water in each pot 
when maintained at a slow boil activates the enzymes. The specimens were left in the 
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pots for three to six hours depending on how much soft tissue was visibly present before 
being placed in the pots. 
 The bags were removed from the pots with metal tongs and were placed in a 
strainer before being removed from the mesh bags. Each group had a tray with a 
corresponding group number. The bones that had small amounts of flesh still present 
were scrapped down with a scalpel and tweezers. Once the bones were cleaned, they were 
examined further to determine where on the vertebrae the trauma was located. If only one 
vertebra was affected from the trauma, it was retained and the others that did not 
experience trauma were disposed of. The vertebrae were closely examined to determine 
the type of trauma and fracture pattern resulted from the arrow tip used.  
Following the boiling of the deer vertebrae, the pig heads were the next to be 
macerated. The pig heads were exposed to the sun; therefore, they had more difficulty 
decomposing this increased the time spent in the pots due to there being more flesh 
present on the remains. The process remained the same for the pig heads in regard to 
bringing them from the ORF decomposition field to be macerated. The larger pots were 
able to fit four heads while the smaller pots were only able to fit two heads. The heads 
were left in the pots for six hours. The remains that were macerated were taken out of the 
water and placed in the strainer before being placed on the corresponding tray. Any 
remaining soft tissue was removed with a scalpel or scissors. Once all the remains were 
macerated, photographs were taken of the visible osseous trauma. After the photographs, 
the remains were then further examined to describe the type of trauma that resulted from 
the different weapons and arrow tips. 
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Experimental Calculations 
The data collected from the vertebrae and the heads were the characteristics of the 
bony lesions left by the different arrowheads. The layer of soft tissue that was present 
before decomposition and maceration allowed for the external wound to be observed. 
Photographs were taken of the external damage, but that was not the main trait being 
observed in the current experiment. The criteria observed from the impact points of the 
arrowheads on bone were derived from the PIM categories described by O’Driscoll and 
Thompson (2014). Along with the traits described by O’Driscoll and Thompson (2014), 
the length and width were recorded of the wounds. The categories that were used for the 
current experiment included penetration, embedded, puncture, graze, chip, and breakage 
(Table 3.1).  
The information gathered about each specimen was placed in statistical equations 
to determine the significance of the traits. The program SPSS was used to test the 
statistical equations of a Chi-squared test and ANOVA test. The tests were used to 
determine the significance of the arrow tip, weapon and specimen type. Other 
calculations for the research included determining the velocity of each weapon, the 























Complete puncture; tip broke completely through bone 
wall  
 
Part of all of the tip became embedded in the bone 
 
Tip broke through bone wall but not all the way through 
the bone 
 
Point did not break through bone wall but left an indent on 
the bone surface. 
 
Small portion of bone broke or chipped due to impact  
 
Cracking or splitting of bone at point of impact; large 
portions of bone were displaced at impact site 
 
 
Figure 3.1 The Venom Ten PointÒ Crossbow  
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Figure 3.2 The HoytÒ Compound Bow 
 
Figure 3.3 The three arrow tips. From left to right: conical field tip, broad-head tip, 




Figure 3.4 A fleshed deer neck placed on the target board with a compound bow 




Figure 3.5 A fleshed pig head placed on the target board and platform with a 
crossbow bolt and broad-head arrow in situ 
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Figure 3.6 The remains of Group B.2 placed out in the ORF decomposition field 
 
 
Figure 3.7 All experimental specimens placed out in the ORF decomposition field 
labeled with their associated group number 
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 CHAPTER 4: RESULTS 
 
Overview 
 The total number of impact points from the crossbow and compound bow was 55 
because of multiple PIMs on one specimen. The crossbow contributed 29 PIMs and the 
compound bow contributed 26 total PIMs. The six trauma categories described in the 
experiment are represented in Figure 4.1. The majority of projectile marks from the 
experiment were categorized as penetration or embedded (67.3%), with the remaining 
32.8% spread across the other categories (Table 4.1). Penetration was the most frequent 
mark (43.6%) followed by embedded (23.6%). Most of the projectile marks could had a 
clear initiation and termination, therefore the length could be recorded for 52 out of 55 
impact marks. The width of trauma had clear initiation and termination as well, therefore 
the width of 50 out of 55 impact marks were measured. The length of impact trauma 
ranged from 7.4 mm to 57.6 mm (median of 27.8 mm). The width of the impact trauma 
ranged from 2.0 mm to 91.0 mm (median of 10.0 mm).  
 The velocity of the crossbow and compound bow, as well as, the momentum and 
kinetic energy of the arrows and bolts can be found in Table 4.1. The calculations were 
placed in an arrow ballistics generator with the distance placed at 15-yards. The equation 
for kinetic energy from Karger et al. (1998) (Figure 4.2) however explains what is needed 
to calculate the potential energy. The course of the draw force and the draw length of the 
weapon are needed. The vertical drop of the arrow was important when determining the 
velocity of the arrow. Over the span of 15-yards the vertical drop of the arrow for both 
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the crossbow and the compound bow used in the experiment was -6 inches. The Chi-
square statistical analysis for the experiment was used to determine the significance 
between the arrow tip, the weapon, the specimen and whether the tip embedded itself in 
bone. The ANOVA is a categorical based statistical test that was used to analyze how two 
or more groups differ from one another significantly in one or more characteristics. At 
first, 1-way ANOVAs were calculated on the relationship between the three arrow heads 
and the length of fracture which resulted from impact. After 1-way ANOVAs were 
produced and factorial ANOVA was calculated to determine the significance of the arrow 
tip and fracture length relationship. Due to the small sample size of the experiment the 
value of significance was placed at 0.10 (10%). This indicates there is a 10% probability 
were the result of chance. 
Chi-Squared Analyses 
 The Chi-squared test was used to test the significant difference between the 
expected and the observed frequencies in one or more categories of the current 
experiment. The expected count is what would be expected to observe if there was no 
association between the two variables. First, the significance of the weapon type and the 
number of embedded tips in the specimens. The number of crossbow projectiles that 
embedded in bone was a total of five (17%), whereas, the compound bow had a total of 
eight (30%) projectiles embedded. The asymptotic significance (2-sided) or p value 
equaled .238, therefore the null hypothesis was rejected. The weapon type was tested next 
with see the relationship of penetration to the specimen. The crossbow penetrated bone 
24 out of 29 (83%) specimens, where the compound bow penetrated 19 out of 26 (73%) 
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times. The asymptotic significance (2-sided) was not significant, therefore the null 
hypothesis was rejected (p = 0.385). The next Chi-square test was tip type compared to 
whether it became embedded in bone. The results of the two variables compared against 
each other were statistically significant to the experiment (p = 0.028). This indicates that 
a tip embedded in bone is not independent on the type of tip, but dependent on the tip 
used. As well as, the frequency of tip type and penetration on the specimens in the 
experiment displayed a significant relationship (p = 0.090). The results conclude that 
penetration is not independent of the type of tip used, but dependent on the tip type. 
 The final Chi-square analyses were tested against the type of specimen in the 
experiment and its relationship to tip embedded or penetrating bone. When the program 
was run against whether embedment was dependent on specimen type, the results were 
not statistically significant (p = 0.562). Comparably, the frequency of penetration to 
specimen type was significantly higher (p = 0.020). The relationship between of 
penetration and specimen type was expected due to the difference in bone thickness of 
the two specimens used in the current experiment. The vertebrae are less dense compared 
to the structure of the cranium, therefore it is expected that penetration would be higher in 
those specimens. However, the higher rate of penetration occurred within the pig head 
specimen category rather than the vertebrae. Twenty-seven of the 30 pig heads (90%) 
were categorized as penetration trauma, whereas only 16 of 25 (64%) deer necks were 
categorized as penetration trauma. This may be due to the surface area of the two regions 
differing and the ability to fully penetrate, rather than break a small portion of the 
vertebrae, to be very difficult on vertebrae.  
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ANOVA Analyses 
 An ANOVA univariate analysis was used to describe the relationship of the data 
gathered from the experiment. To determine if weapon type and tip type impacted the 
length and width of fractures, the number of radiating fractures, or the type of trauma 
cause to bone, logistic regressions were run to test the statistical significance. When 
running the logistical regression, the weapon type and tip type were the independent 
variables while the dependent variables were the length and width of the fractures, the 
number of radiating fractures and the type of trauma categorized for each specimen. The 
first logistic regression ran length of fracture as the dependent variable while the weapon 
type was the categorical independent variable. The analysis was run with a 90% 
confidence interval. The significance of weapon type and length of fracture proved there 
was a difference between the two weapons (p = 0.053). Comparably, the width of the 
fractures to weapon type did not prove the null hypothesis and was not significant (p = 
0.429). The independent variable of the univariate analysis was changed to the tip type to 
see it’s the statistical relevance of length and width of the trauma on the specimens. 
When replacing the independent variable of the univariate analysis, the length and width 
of the trauma were not dependent on the tip type was used (length p = 0.265; width p = 
0.415). In regard to the tip type and the number of radiating fractures, the null hypothesis 
was rejected indicating there is no significance between the two variables (p = 0.306). 
The null hypothesis was also rejected when the univariate test compared the relationship 
between tip type and the type of trauma inflicted on bone (p = 0.726). Therefore, the only 
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significant relationship found within the current experiment was between length of 




















Table 4.2 Calculations of the velocity, momentum and kinetic energy of the 
crossbow and compound bow 
 




















































Figure 4.1 Overview of trauma categories (A) Graze (B) Embedded (C) Puncture 













CHAPTER 5: DISCUSSION 
 
Projectile Impact Marks 
 Bill (1882), stated that an arrow wound is both punctured and incised. The wound 
will allow an outflow of discharge due to its structure, high velocity, and the fact that the 
arrow wounds tissue in a continuous fashion. When examining lesions of the cranium and 
thorax, they are traditionally described as the result of a firearm in forensic medical 
literature. However, the recent increase in the use of other types of weapons such as, 
crossbows and compound bows, display the typical ballistic trauma characteristics as 
firearms. If an arrow completely penetrated an individual, it would leave distinct entry 
and exit wounds. The entry wound will resemble that of a bullet, with a slit that is 
bruised, darkened and slightly depressed, and an exit wound that looks is a simple slit 
(Shereen et al. 2018).  If only one of the wounds were to be found, it can easily be 
mistaken as a bullet or stab wound. Sung et al. (2018) while discussing forensic 
pathology of arrow wounds in the 21st century also found the same results as Shereen et 
al. (2018).  
The first category, penetration, was present in 14 of the 27 (52%) pig heads and 
10 of the 25 (40%) of the deer necks. When classifying the remains under the criteria of 
penetration, the outer and inner bone structure needed to be penetrated creating a clear 
entrance wound. In regard to ballistics, an exit gunshot wound is traditionally described 
with external beveling due to the projectile penetrating through the bone releasing kinetic 
energy in that direction (Delannoy et al. 2013). The symmetrical or asymmetrical aspect 
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of the beveling depended on the direction of the firearm and the anatomical structure that 
was receiving the impact. Nevertheless, the aspect of external beveling is the constant 
with exit wounds. The presence of an exit wound for the current experiment did not occur 
on all specimens due to the projectile becoming embedded in bone or not having enough 
energy to penetrate to create an exit wound. DiMaio (1999) noted that beveling does not 
occur on an entrance wound when the bone structure is too thin, such as the orbital plate 
or temporal bone. This suggests that a minimum bone thickness is necessary for beveling 
to occur.  
Exit wounds as described by Quatrehomme and İşcan (1999, 1997) are roughly 
round, oval and in some cases roughly rectangular. The presence of external beveling in 
found in most cases, but not all. The absence of an exit wound may lead to confusion 
with other defects, especially postmortem lesions in thin bones (Quatrehomme and İşcan 
1997). Beveling is more pronounced in thick bone wounds, because when the bone is too 
thin, the funnel-shape created by the projectile is not possible. In relation to DiMaio’s 
(1990) observation of no beveling on the entrance due to bone structure that is too thin, 
Specimen 25 of the experiment which was a pig head confirmed this observation (Figure 
5.2). However, the majority of specimens that were shot with the conical field tip or 
bullet tip did display beveling on the exit wound (Figure 5.3; Figure A.1; Figure A.2; 
Figure A.3). Randall and Newby (1989) illustrated in their study that conical field tip 
arrows and gunshot wounds share many characteristics and, in some instances, may not 
be able to be differentiated solely based on the entrance wound. Osseous trauma was not 
explored in depth with in their study, but the main difference between a firearm wound 
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and arrow wound would be the projectile/powder residue that appears around the wound 
from firearm projectiles.  
 Smith et al.’s (2007) most significant finding was that it was possible to identify 
trauma produced by flint projectiles in archaeological material even if the material was 
absent. Full thickness punctures caused by the flint projectiles demonstrated to be 
consistent in appearance. The damage caused to the specimens by the flint projectile was 
produced through a combination of cutting and piercing forces. The full thickness 
punctures were also noted to differ from reports produced by bullets. The differences 
were seen in the shape of the defect produced and conformed to the outline of the bifacial 
arrowhead rather than the circular shape of a bullet (Smith et al. 2007). Another point 
observed was that the flint-tipped projectiles hit the bone tangentially, producing incised 
marks that were more similar to cut-marks. Linear marks were noted and should be 
considered to relate to a projectile impact, rather than signs of butchery or defleshing. 
Compared to the gunshot trauma studies by Quatrehomme and İşcan (1997, 1999), it was 
observed that there are limitations to the extent to which modern ballistic data can be 
extrapolated to make inferences about possible archaic projectile points.  
Unlike the conical field tip and the bullet tip, the broad-head did not have any 
type of beveling. The impact mark resembled that of the three-blade prong outline of the 
tip. The mechanism of a projectile injury by a broad-head tip was a combination of two 
sharp forces; the penetrating action of a dagger and the peripheral sharp cutting action of 
a knife. The blades of the broad-head used the force from the weapon to slice through 
cortical bone and leave an identifiable mark on the bone. The vertebrae of the white-
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tailed deer used in the experiment were of small surface area, therefore, the three-blade 
mark was not visible. A single blade in most cases sliced through the body of the vertebra 
of sliced off the superior or inferior articular facets (Figure 5.4; Figure A.4; Figure A.5). 
The pig heads were able to display the three-blade prong design on bone, similarly to 
how the they looked when impacted the soft tissue (Figure 5.5; Figure A.6). The 
sharpness of the blades allowed for the impact to not initially stop but continue to break 
through the bone structure. The results from the experiment reject the hypothesis that the 
broad-head type would create larger fracture patterns on bone due to the three-blade-
prong design compared to the oval shape of both the conical field-tip and bullet field-tip. 
The sample size of the experiment was small, however, the characteristics of the 
specimens shot with broad-head do not compare to those struck with the conical field tip 
or bullet tip. The results display the opposite of the hypothesis because instead of creating 
more trauma related characteristics the broad-head’s blades sliced through the bone 
structure. 
The Role of Distance 
Compared to the present study, Forsom and Smith (2017) shot at close range for 
safety purposes. The arrows from their experiment were shot into a pit with a thick layer 
of loose sand at the bottom (Figure 5.6). The shooting distance was approximately 2.25 
meters (m) from the osseous target. Their experiment examined similar secondary traits 
such as breakage, fractures, and length of fracture. None of their impact sites had 
radiating fractures, which compares significantly to the present study. Only a few 
specimens were noted to not have correlating radiating fractures with the site of impact. 
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This could be due to the distance and the instability of the projectile once it hit the 
specimen or it could be that Forsom and Smith’s (2017) experimental study focused on 
impacts to flat bones. Their results were mainly puncture lesions of varying depths with 
well-defined shapes from the three arrow heads used. Forsom and Smith (2017) stated 
that the variable thinness of a cattle scapula was representative of the range of thickness 
found in human skulls. However, it is widely known that the closest representation of a 
human specimen are pig crania. The result from their experimental study were able to 
conclude the types of damage seen on flat bone are consistent with that of prehistoric 
projectile experiments. 
Karger et al. (1998) examined the ballistics and traumatology of arrow wounds at 
a distance of 8 m which was slightly closer, but similar in range for shooting. The results 
from their study are similar to that of the present one. The authors found that more than 
half of the shots involved striking pig bone. As well as, there were two cases where the 
retrieval of the arrowhead was nearly impossible. O’Driscoll and Thompson’s (2014) 
second experimental group tested if distance played a role in distinguishing the difference 
between identifying characteristics between different arrow tips. The distances of 1.4 m 
and 9 m were observed, but the statistical analysis of their results showed no significant 
difference in the distribution of embedded stone, flaking, or feathering. The authors 
observation during the experiment was that at 1.4 m the 22g on the calibrated crossbow 
may have been too powerful to stimulate a realistic short-range scenario.  
Amadasi et al. (2017) discussed the presence of chipping or flaking around the 
edges of gunshot entry wounds. Compared to external beveling, chipping is when more 
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superficial cortical detachment of thin and small fragments of bone occurs. In previous 
chipping studies (Coe 1982; Peterson 1991), chipping was a phenomenon that was 
observed more frequently in contact or near contact shots. Chipping would occur because 
of a backward pressure from the firearm that was linked to the transformation of the 
temporary cavity or the forceful return of gases through the hole.   
The present study was shot from a distance of 15-yards (13.72 m) which is not 
considered a near close shooting range. As well as, there were no specimens from the 
experiment that indicated any signs of superficial chipping of bone. Crossbows and 
compound bows are not considered legal firearms because they do not rapidly expand 
gases to propel a projectile. The crossbow and compound bow fire an arrow by flinging it 
mechanically without the aid of burning, expanding gases (Karger et al. 1998). The 
impact to Specimen 37 and Specimen 38 (Figure 5.7) appeared to display major flaking 
around the entrance wound which at first was considered chipping, but due to the 
definition by Amadasi et al. (2017) the flaking of bone is presence of external beveling 
on the entrance wound. It can be argued that in both specimens mentioned, the tip did not 
have the energy to penetrate the bone’s thick outer layer, therefore, resulting in the 
flaking and chipping of the outer bone layer. The results from Amadasi et al. (2017) 
experiment displayed the importance of correct distinction and characterization of 
chipping and beveling. These importance features can help determine the direction and 
distance of the shot.  
Penetration Depth 
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Within the present study, the depth of penetration was not determined for each impact 
point. This was due to the complicated nature of measuring the depth of some impact 
marks. There were specimens that had the arrow tip still embedded in the bone, a small 
sample had part of the shaft embedded in the bone, and finally the appropriate utensil was 
not available for the present study. Karger et al.’s (1998) experimental study was very 
similar to that of the present study and was able to look different mediums to see the 
effect of arrow tips within each and which medium would be suitable for experimental 
arrow wounds. Their study examined a total of 95 impact points between gelatin and soap 
mediums. The penetration depth varied considerably in Karger et al. (1998) due to the 
different media. This is explained through the shape of an arrowhead. An arrowhead 
systematically changes in different media which was seen between the conical field tips 
penetrating deeper in gelatin than in nonbone tissue, but the broadhead displayed the 
opposite behavior. In the present study, the remains of the specimens remained fleshed 
until after they were impacted with a projectile point. The medium was one that 
replicated those of human beings, therefore, the results may have compared to some 
degree on what the relation of penetration depth was to the arrow tip. However, it is 
important to identify the best means for experimental arrow wounds. MacPhee et al. 
(2018) demonstrated that the presence of textiles on an individual play a small role in the 
depth of penetration of an arrow projectile  
 In the experimental study from Smith et al. (2007), they were able to conclude 
that stone-tipped projectiles tended to penetrate bone more deeply than modern field 
tipped arrows, which exert only piercing forces. The differences were observed between a 
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flint-tipped and modern conical field tip arrow in which both had the ability to puncture 
bone, but caution should be exercised when applying data describing the effects of 
modern arrows to archaeological interpretations. Some of the specimens from the 
experimental study by had the flint-tipped projectiles hit the bone tangentially which 
produced incised marks similar to cut-marks. The best form of comparison with 
archaeological projectile impacts should be with the broad-head arrow tip because it 
resembles the same cutting force as flint projectiles. The incised marks produced on the 
bone reflected the outline of the flint-tipped projectiles. Pétillion et al. (2011) examined 
the correlations between penetration depth and other experimental parameters such as 
point type and spear mass. However, there was no significant relationship found. The 
authors believe that the increase in penetration depth was associated with the presence of 
flint bladelets on the projectiles that were used. This prehistoric addition to a projectile is 
very similar to that of the broad-head arrow of modern projectile technology. The 
bladelets added to the projectiles constructed in the Pétillion et al.’s (2011) were used to 
increase the amount of blood loss of the prey. The in-depth cutting mechanism that was 
created with the flint bladelets did the exact same process that is seen with broad-head 
arrow tips used in large game hunting in the 21st century.  
 Erikkson et al. (2000) examined a work-place homicide with a compound bow, 
but also tested the ability of shooting at the National Laboratory of Forensic Science. At 
the laboratory test shooting was made with a finger release and barefingered by a person 
with minimal experience in shooting a bow. The penetration depth that was reported by 
the laboratory was influenced by the unskilled release technique that the individual used. 
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It was also noted that the short test-shooting distance established did not allow the arrows 
flight to be straight. An arrow needs enough distance to straighten after release or the 
impact with be majorly affected. The National Laboratory of Forensic Science found that 
the inability of the arrow to straighten significantly diminished the penetration ability.  
Case Reports Comparison 
Arrows apply a type of sharp force when they strike tissue directly with the tip. In 
some cases, there is minor severity of injuries from crossbows because compared to 
gunshots the wound resembles sharp force trauma. However, as seen in Karger et al. 
(1998) and Tenzin et al. (2011), the tissue’s elasticity narrows or closes around the 
wound track and the shaft of an arrow left in situ applies a type of pressure wound 
functioning as a temporary tamponade. The area of impact is much smaller and has less 
bleeding than that of gunshot wounds. This is important for medical and forensic 
anthropologists who are trying to understand the wound found on an individual. Modern 
arrows have considerable penetration capacity in soft tissue and large body cavities which 
have the ability to impact vital organs.  
The current research experiment was focused on the effect of the modern bow and 
arrow on osseous remains. Skeletal trauma analysis focuses on three main categories: 
sharp force trauma, blunt force trauma, and ballistics. However, as seen in Delannoy et 
al. (2013) there are atypical cases which resemble characteristics similar to one of the 
three categories. The authors examined a skull that appeared to have a hole resembling an 
exit wound caused by a bullet and two smaller stab wounds. The remains did not have a 
typical entrance wound or other bone lesions. The investigation revealed that the victim 
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was struck with a sickle and the perpetrator dragged the corpse with the sickle still 
implanted in the skull, using it as a hook. When the sickle was removed from the skull a 
piece of the cranial vault was broken off creating an external beveled wound (Delannoy 
et al. 2013). The sickle had penetrated into the bone creating a lesion that would typically 
resemble a stabbing wound, but since the sickle was used to drag the corpse, the hand-
produced vertical force applied was applied in the opposite direction. This type of force 
applied caused the tearing of the bone and outer bevel wound. This atypical would is 
important for medical examiners and pathologists because understanding the 
circumstances of the wound will provide more knowledge on what may have happened at 
the scene of the crime. This case is very important because it shows that other forms of 
weapons need to be examined in the field of trauma. The crossbow and compound bow 
were able to display very similar trauma characteristics of ballistic trauma and sharp 
force trauma. The conical field tip and the bullet tip created a circular wound on bone that 
had internal and external beveling similar to a gunshot wound. The broad-head tip sliced 
through bone because of the razor blade edges and were able to cut into or cut off small 
portions of bone, as seen on the white-tailed deer vertebrae.  
Xiao et al. (2015) examined an individual who had self-inflicted a crossbow 
arrow to the cranium through entry of the chin. Due to the placement of the crossbow and 
bolt, the injury resulted in a vertical penetration through the oral and maxillary structures 
of the cranium. Shadid et al. (2007) also examined a penetrating maxillofacial injury due 
to an attempted suicide with a crossbow. Radiographs taken of the wound showed the 
arrow had passed through the brain and the tip of the arrow was protruding through a 
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comminuted fracture of the cranium. Panata et al. (2017) also examines a suicide case 
that was inflicted by a crossbow. The arrow was inflicted into the suprahyoid region of 
the cranium and the broad-head arrow tip was stuck in place with the sharp point sticking 
out of the upper portion of the cranium. These three reports of arrow trauma are 
important because they compare to the placement of the trauma inflicted in the current 
experiment. The experimental study did not follow the path of infliction in any of the 
case reports that were found in literature. The pig skulls were placed to have the frontal 
bone facing the archer therefore the frontal and parietal bones were inflicted by the 
projectiles the most in the current experiment. This area of the cranium is the thickest 
compared to the occipital or the base of the cranium which may have had an effect on the 
impact of the projectile. There were instances during the experiment where the projectile 
when the orbital socket and impacted the mandible instead of the skull. It is important to 
note that the cranium reacts differently to impact based on the angle and location in 
which it was hit. Suture lines absorb the kinetic energy of impact which is seen by 
radiating fractures terminating at suture lines.  
Knife Wound Comparison 
Symes et al. (2010) discussed the importance of saw mark analysis in forensic 
anthropological analysis. Knife wounds are second to ballistic trauma injuries as the 
major cause of violent death in the United States, and the widespread knowledge from 
Symes et al. (2010) allow for the efforts of a standardized methodology for the analysis 
of saw and knife marks on bone. Symes et al. (2010) states that any tool with a sharp 
edge has the ability to produce incised wounds or kerfs. It is a common misconception 
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that saws and knives are similar in appearance, however, knives and saws are used for 
different purposes and can be differentiated on their morphological and microscopic 
appearance. The ability to differentiate knives and saws is important when distinguishing 
between dismemberment or other sharp force trauma cases. Although knives and saws 
can be differentiated based on such features, the question of whether the blade 
characteristics of a knife and broad-head arrow can be differentiated. If the unique design 
of a broad-head is not clear on the skeletal remains of an individual, there is the 
possibility it could be mistaken for a knife wound. Symes et al. (2010) only discuss what 
characteristics of serrated saws and does not explore the possibility of other sharp object 
to resemble traits similar to knife wounds.  
The broad-head tip is of significance to the field of forensic anthropology because 
of its ability to resemble a stab wound of a non-serrated weapon. The blades of the 
projectile act in a way that cuts through soft tissue and penetrating bone in a design that 
mimics the design of the tip. The motion of a sharp object can be determined depending 
on whether the incision is wider than it is deep (cut) or if the incision is deeper than it is 
wide (stab) (Thompson and Inglis 2009). Soft tissue is impacted the most, but it the hard 
tissue that will preserve the impression of the weapon. Thompson and Inglis (2009) 
discuss the importance of differentiating serrated and non-serrated stab wounds on bone 
by examining the trait characteristics of each. Their research used radii, scapulae, ribs, 
vertebrae, and carpals from pig remains. The non-serrated blades were noted to create a 
wider, but deeper stab mark to the bone compared to the serrated knives. The results from 
Thompson and Inglis (2009) support the current experimental study because it was noted 
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in the white-tailed vertebrae that the impact from the broad-head was wide and deep 
(Figure A.4). Humphrey and Hutchinson (2001) argued that sharp weapons cause little 
crushing and fracturing as secondary traits due to the nature of the sharp edge. This 
argument would go against the purposed hypothesis of the current experiment that the 
broad-head would cause the most damage upon impact. Instead, the results from the 
experimental study supported the argument made by Humphrey and Hutchinson (2001). 
The pig heads especially had no associated chipping, flaking and minimal radiating 
fractures at the site of impact from a broad-head tip. The characteristics of stab wounds 
found with a projectile trauma caused by a broad-head tip makes it difficult for 
classification to occur in the forensic anthropological field in regard to trauma analysis. It 
does not fit directly into one of the three main categories and therefore may leave medical 
examiners and pathologists confused and unsure of what caused such an injury. 













Figure 5.1 Entrance wound of Specimen 25 with no signs of beveling. There was no 
exit wound present due to bolt loses energy within the orbit. The specimen was shot 




Figure 5.2 The exit wound of Specimen 13 with major external beveling visible 
(black arrows). The specimen was shot with the crossbow and a conical field tip. 





Figure 5.3 A vertebra struck by the broad-head tip displaying slicing of the body 




Figure 5.4 Pig head displaying the three-prong blade design at the site of impact 




     
Figure 5.5 Visual representation of the difference in shooting distance from Forsom 
and Smith (2017) (left) and present study (right).  
 
    
 
Figure 5.6 Specimen 24 (left) displaying chipping and flaking of bone at the 
entrance wound inflicted by the compound bow with a conical field tip (black 
arrows). Specimen 37 (right) with major flaking at the entrance wound inflicted by 
the compound bow and bullet tip (red arrows). The scale is in cm. 
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CHAPTER 6: CONCLUSIONS 
 
Overall Analysis 
The present study provided new information regarding how modern projectile 
points interact with bone. Ballistics of different types of bows and arrows has been 
scientifically documented with the field of forensic science (Forsom and Smith 2017; 
Karger et al. 1998; MacPhee et al. 2018; Randall and Newby 1989). The penetrating and 
destructive effect of any type of projectile depends on the weight, velocity, and cross-
sectional area of the tip. An additional factor which was relevant to the present case is the 
sharpness of the tip in relation to its medium. Pétillion et al. (2011) believe that the 
difference in a calibrated crossbow compared to a hand held compound bow may change 
the aerodynamics of the projectile.  
The key conclusions of the study are summarized below. First, despite crossbows 
and compound bows being considered low-velocity weapons they still have the capability 
to significantly impact bone. As stated above, 43.6% of the projectiles shot in the 
experiment penetrated and punctured through bone’s outer and inner layer. Secondly, this 
study has established characteristics that make it possible to identify bony trauma caused 
by modern projectiles even in the absence of embedded projectiles. Randall and Newby 
(1989) were able to determine that arrow trauma caused by conical field tips and 
similarly bullet tips will resemble wounds caused by ballistics. However, it is important 
to look for abrasion rings from the firearm used when examining the wound. As well as, 
there are certain characteristics from modern projectile tips that will differentiate them 
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from bullet wounds. The broad-head’s unique prong design was seen visible not only on 
the soft tissue, but on the bone itself. Finally, the most important significant observation 
is that arrow injury is still relevant in this century in regard to clinical and forensic 
investigations.  
Limitations 
It is important to note that when a bolt suddenly impacts an extremely hard 
surface it may shatter or deform the shaft. This exact action was seen throughout the 
experiment which limited the number of PIMs for the current experiment. The number of 
projectiles, bolts and arrow shafts that were broken or left in situ of the specimens was 
not recorded for the experiment but would have been an important statistic to make note 
of.  Based on the number of shafts and bolts that were present at the end of the 
experiment it can be assumed that nearly a third broke from impact, however, it is not 
accurate enough to make that assumption since some of them were used more than once 
throughout the experiment. In relation to the shaft or projectile breaking, the subsequent 
nature of the wound inflicted by the wound most likely was distorted by the aberrant 
arrowhead geometry.   
The wound geometry is another factor that may have been a variable affected by 
the reuse of projectile points. Due to the number of times each arrow tip not being 
recorded in the experiment, the overall effect of impact by reused tips was not calculated. 
An arrow tip that is reused in hunting or in this case the experimental study, the ability to 
reach maximum impact is deteriorated. The sharpness of the tip on the conical field tip 
and bullet tip as it impacts soft tissue and possible bone dulled with each reuse. There 
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were times throughout the experiment where it was not clear if the projectile hit bone, 
especially on the white-tailed deer necks, on the initial shot or if it just passed completely 
through soft tissue. If the projectile was able to easily be recovered, then it was shot a 
second or potentially third time before it either embedded itself in bone or a new arrow 
tip was put into rotation. In regard to the broad-head, the razor blade edges are an 
important factor to the incision and impact it makes on its target and as seen in the 
experiment on bone. The more a sharp edge is used the duller the blade will become. The 
broad-head’s purpose is based on the velocity of the tip and the bladed-prong design and 
if the blades are no longer viable then the broad-head cannot be used. There number of 
broad-heads purchased for this experiment were limited due to the limited budget on the 
experimental research. Therefore, the number of times it was used was very important 
and decreased the number of PMIs of the research. Unfortunately, the cost of the 
experimental research was more than expected and the cost was not enough to cover the 
amount of equipment to ensure that large of a sample size. The number of specimens 
from the white-tailed deer and pig were enough for the experiment. The cost of the arrow 
shafts, crossbow bolts, and broad-head tips were the most expensive. The arrows and 
bolts were chosen to work best with the compound bow and crossbow of Mr. Shephard 
which meant buying the higher end carbon fiber shafts. Therefore, my budget for the 
experiment was depleted and the ability to purchase more was not possible. 
Sample Size 
 
 The sample size of the present study was considerably small compared to other 
experimental projectile studies. The total number of impact points was 55 which resulted 
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in each specimen impacted by the specific arrow tip by the crossbow or compound bow 
four to five times. Due to the two main variable groups of weapon type and tip type, the 
number of specimens to compare needed to be high. Unfortunately, the experiment was 
statistically low in regard to each variable having enough data to compare. Therefore, the 
statistical analysis from the one-way ANOVAs calculated from the research should be 
taken with caution. For a more significant analysis of the relationship between the 
crossbow and the compound bow, as well as, the three different arrow tips, ten PIMs for 
each tip with the crossbow and the compound bow should have taken place.  
Importance and Future Studies  
Suicides, homicides, and accidental deaths have been described by many in case 
reports and more deaths can be predicted as the weapon becomes more popular among 
the population. The nature and analysis of crossbow and compound bow wounds are very 
important for forensic anthropologists and pathologists. It is necessary to understand how 
they impacted an individual to assess the sequence of events that lead to their death. It is 
possible to find trace evidence from feathered fletching found at the base of the arrow, as 
well as, if the arrow is present the possibility of the preservation of latent prints may be 
useful. It is important to note that the purchase of a bow and crossbow is not restricted by 
law expect for an age limit in most countries, including the United States. Therefore, as 
reported by many of the case reports discussed the ballistic findings of these noiseless 
weapons are very important to consider in the forensic and medical field. 
The basis of forensic science and understanding of trauma related data is 
becoming a very important role of the forensic anthropologist. However, the discipline is 
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can be biased in the interpretation of cause of death. It is important the move away from 
the typological approaches of trauma classification and towards the use of a more 
descriptive anatomical classification. Instead of the typical trauma-type classifications, 
researchers should be focused on studying the wound production’s biomechanical 
continuum (Passalacqua and Rainwater 2015). Delannoy et al. (2013) was able to display 
that a weapon other than a firearm was able to display similar characteristics of an exit 
wound of a gunshot. Multiple examples from the present study and literature showed how 
specifically internal and external beveling may be created by a number of mechanisms 
that were not a firearm. Biomechanics can be useful to help reach a diagnostic and with 
the help of experimental studies provide more information on trauma analysis. The 
trauma found with the crossbow and compound bow were similar in that they could be 
mistakenly classified as a ballistic trauma.   
Crossbows and compound bows are becoming more complex as technology 
improves to create smaller and impact worthy weapons. Frank et al. (2013) discussed the 
trauma potential of a hand-held pistol crossbow. These weapons are smaller versions of 
the conventional crossbow and have recently increased in popularity. The difference and 
significance of these weapons is the more compact design with the bow mounted on a 
stock similar to that of a handgun. Karger et al. (1998) investigated the ballistic 
background of crossbows, however, there is a huge lack in knowledge on the ballistic 
parameters of small less powerful hand-held pistol crossbows. The main argument made 
here is that there is a need to assess specific weapons because in some casualties 
involving crossbows, the ability to understand the mechanisms of the trauma are 
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unknown. In addition, weapons such as compound crossbows are being made to function 
similarly to the crossbow. Guo et al. (2015) examined a case where a compound 
crossbow was used to eject a special dart loaded with a muscle relaxant. The authors’ 
work is relevant to the field of forensic anthropology and the analysis of crossbow and 
compound bow trauma because it shows the mechanical design of the crossbow is 
evolving to accommodate more than the standard bolt. Therefore, in a forensic context it 
is important to understand the mechanics of such weapons and their impact to the body.  
This growing field in forensic science of trauma analysis must be developed in 
order to optimize the available mechanisms which could allow for the determination of 
these wounds, as well as, help medical examiners and forensic pathologists to expand 
their understanding. Experimental studies should be conducted to explore all the different 
factors that affect the ability of the arrow. Future experimental studies involving the 
crossbows and compound bows and PIMs should involve the use of human cadavers if 
possible. The role of nonhuman specimens has been significant in the field of forensic 
science because it has allowed to numerous studies to be conducted. Human specimens 
are more applicable to trauma analysis because it is possible to study how one’s body will 
react. Pig craniums are one of the better representations of a human, but development is 
different. I believe the impact on the pig skulls from the experiment effected the impact 
of the projectiles. Unfortunately, only a limited number of schools have the ability to use 
human cadavers in their experiments. This limits the ability of a lot of experimental 
studies that want to explore the biomechanics of certain weapons and the reaction of the 
human skeletal system. Any experiment involving the use of a crossbow or a compound 
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bow should involve only a skilled archer. This is necessary to any experimental research 
situation because the skilled archers know the mechanics of the equipment well and have 
been trained to provide accuracy with minimal danger.  
The overall results from the research were unable to provide significant data on 
the comparison between the compound bow and crossbow, as well as, the three different 
arrow tips. On the other hand, there is limited information pertaining to the field of 
trauma analysis on the impact of modern projectiles on osseous remains. The present 
study expanded the classification categories of Forsom and Smith (2017) by including a 
new classification as well as using modern day projectiles and bow and arrow. The 
information provided by the present study allows for the development of crossbow and 
compound bow trauma analysis in the field of forensic anthropology. Understanding that 
the trauma caused by modern projectiles can resemble ballistic trauma and sharp force 









Figure A.1 Irregular external beveling on the exit wound of Specimen 14 which was 
inflicted by the crossbow and conical field tip. The scale is in cm.  
 
 
Figure A.2 External beveling on the exit wound of Specimen 46. The wound is an 
everted, irregular shape on bone. The specimen was inflicted by the crossbow and 
conical field tip. The scale is in cm. 
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Figure A.3 External beveling present on Specimen 1 with presence of flaking near 
the trauma (black arrows). The specimen was inflicted by the crossbow and bullet 
tip. The scale is in cm. 
 
 
Figure A.4 Impact mark on a vertebra from broad-head tip shot by the compound 




Figure A.5 The transverse processes broken off a vertebra that was struck with a 




Figure A.6 Pig head with a broad-head arrow embedded in bone but displaying 






Figure A.7 A vertebra struck by the compound bow and broad-head tip. Displaying 




Figure A.8 Mandible of a specimen that had the broad-head pass through the eye 







Figure A.9 The base of a pig head displaying a broken broad-head tip after impact 




Figure A.10 A broken piece of a white-tailed deer vertebra with a broken broad-
head tip embedded on the bone. The blade of the broad-head completely broke off 
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